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SUMMARY 
An optical devices called a differential interferometer, which 
can be "used for recording temperature has been developed in France. 
After assembling a differential interferometer9 an operating procedure 
was developed for its use. The differential interferometer was then 
applied to a two~dimensional3 transient, laminar, free convection heat 
transfer problem. The output of the differential interferometer is in 
the form of interference fringe patterns (interferograms). It was 
necessary to develop a new technique for evaluation of the interfero-
grams when the differential interferometer was applied to the following 
e xperimental study. 
Tests were run of transient, laminar9 free convection inside a 
horizontal? water -filled9 cylinder under the condition of constant wall 
temperature greater than the initial uniform temperature of the water 
by 3»0°F<, After the test began5 the inter ferograms were reordered on 
35 mm0 Kodaehrome II film at various times. These interferograms were 
then processed by hand and presented in the form of isotherms of the 
water-filled cavity as a function of time, 
In each interferogram the position of the wall and the position 
of the deflected fringes at the wall had to be approximated due to 
irregularities in, the cylinder diameter9 misalignment of the rubber 
gaskets, and appearance of a double image of the cylinder9 a phenomenon 
basic to all differential interferometers. Due to the location of the 
horizontal fringesP no data were available either at the top or at the 
viii 
bottom of the cylinder„ The heat transfer phenomenon is characterized 
by a region approaching pure conduction close to the wall and a region 
of free convection along the vertical centerline„ After approximately 
thirty minutes the temperature of the water had asymptotically reached 
that of the wall5 resulting in a cessation of heat transfer„ The 
isotherms were evaluated to obtain transient bulk, temperatures. 
Re stilts of this research indicate that the differential inter-
ferometer can be used in. problems characterized by confining solid 
boundarieso The technique developed for evaluating interferograms for 
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The technique of differential interferometry was discovered by 
Renet (l) in France in 195^° The original and most frequent applica-
tions of differential interferometry have been in the field of aero-
dynamics (2-10)a In heat-transfer Regnier and Kaplan (11) applied 
differential interferometry to free convection in transitional and tur-
bulent regimes on a plane wall and in a vertical gap° Lamb and Schreiber 
(12) applied differential interferometry to an axially symmetric arc 
heated plasma „ 
A differential interferometer manufactured by Feinmechanik und 
Optik in Wenden3 West Germany5 was assembled for use in this research. 
Next5 the instrument was studied to develop an operating procedure which 
could be applied m future research with this differential interferometer. 
This study determined the necessary adjustments which must be made in 
each experimental investigation. 
This differential interferometer was then applied to a type of 
problem different from that of references 2-12. References 2-12 can be 
characterized as external geometry rather than internal geometry problems. 
Characteristically, references 2-12 are external in that the accompanying 
fluid movement Is over the solid boundaries and is not confined by them, 
A characteristically internal geometry problem^ one with confining solid 
boundaries, was chosen for this investigation„ 
2 
Transient free convection in a horizontal cylinder has been 
investigated by Heliums and Churchill (l3)» Using both air and water 
and starting with the fluid initially at rest at a uniform temperature9 
Heliums and Churchill (13) maintained the opposing vertical walls of the 
cylinder at different uniform temperatures with one wall serving as a 
heat source and the other wall serving as a heat sink until velocity,, 
temperature9 and heat transfer parameters no longer changed with time 
(steady state). Heliums and Churchill (13) presented a numerical solu-
tion to this problem which agreed quite well with their experimental re-
sults and which also approached the steady state results of the same ; 
problem presented by Martini and Churchill (lk) using air. 
In this research transients, laminar*, free convection inside a 
long;, horizontal^ water-filled cylinder under the condition of constant 
wall temperature greater than the initial uniform temperature of the water 
by 3oO°F was investigated by means of differential interferometry. As 
a part of this investigation it was necessary to develop a new technique 
for evaluation of the interference-fringe deflection patterns <, inter-
ferograms.-, produced in the instrument by the heated test cylinder. This 
new e'valuation technique was a result of the confining walls being curved 
rather than straight as in references 2-12. 
The temperature distributions in the cylindrical water-filled 
cavity were obtained from the differential interferometer as a function 
of timee Figure 1 shows the test cylinder and differential interferometer 
used in the research„ 
, » 
•w-






A differential interferometer is an optical device which pei 
mits the determination of temperature distributions in heat transfer 
work from deflected fringe patterns called interferograms which are pro-
duced by the instrument. 
The vast majority of heat transfer work by interferometry has 
been accomplished with the classical Mach»Zehnder interferometer. 
Wilkie and Fisher (15) have presented a comprehensive paper on tempera-
ture measurement by Mach-Zehnder interferometry, 
The Mach-Zehnder interferometer$ Figure 2S provides two widely 
separated paths for the light between the source and the point at which 
the two beams are combined« The test beam passes through the test 
section while the reference beam from the same source simultaneously 
passes around the test section and through an undistributed region„ 
In contrast, the differential interferometer5 Figure 3? has no 
reference beam- A single beam of light is split Into two closely spaced 
beams by the differential interferometer. 
Thus? the, Mach-Zehnder interferometer, having a constant reference 
bearn̂  gives a continuous 'variation in temperature from the reference , 
The differential interferometer,, having by comparison closely spaced 
beams, has no fixed reference, These closely spaced beams travel slight-
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Figure 2 . Schematic Diagram of Mach-Zehnder Interferometer 
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Figure 3. Schematic Diagram of Differential Interferometer ON 
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ly different paths through the test section. The differential interfero-
meter therefore gives a point-to-point variation of temperature in the 
test sectiono 
Lamb and Schreiber (12) present a detailed discussion of the 
theory of differential interferometry and the mechanism by which the 
single beam of light is split into the two closely spaced beams. Basic-
ally,, light from a nearly monochromatic source passes through a polariser 
which polarises the ray at k^° to the optic axis of the Wollaston Prism, 
thus giving equal intensities to both the ordinary and extraordinary 
rays produced in the Wollaston Prism. The ordinary and extraordinary 
rays produced in the Wollaston Prism are plane polarised in mutually 
perpendicular directions and are separated by the small lateral displace-
ment AX. The two rays traverse the test section separated by AX and 
enter the next Wollaston Prism where the splitting action of the first 
prism is compensated. The analyser brings the two wave fronts emerging 
from the second prism into the same plane of polarization for interfer- i ; 
ence to take place«, 
Analysis of Interferograms 
The output of the differential interferometer is in the form 
of interference fringe patterns (interferograms). These interferograms 
provide the means for relating the desired variable, temperature, to the 
instrument parameter, fringe deflection. Lamb and Schreiber (12) derive 
the following equation relating the optical path, cp, of which tempera-
ture is a function, to the fringe deflection, m. 
x 
m(x) dx (l) cp(x) = £ 
RT.F 
8 
The o p t i c a l p a t h , cp, i s defined by 
cp = ml (2) 
where n is the index of refraction of the medium under consideration 
and -t is the length of the test section along a direction parallel to the 
light rays. The wavelength of the monochromatic light used is X and AX 
is the beam separation distance. Both X and AX are constants of the 
differential interferometer. The fringe deflection of the interferograms 
from the original undeflected fringe position is m(x) and is measured in 
units of fringe spacing. The direction perpendicular to the light beams 
is x. Integration proceeds from a reference boundary, KEF, where condi-
tions must be known to any point x. 
In the free convection heat transfer problem under investigation 
the length of the test cylinder, £, is constant. 
Substituting Equation (2) into Equation (l) 
x 
/St" 




n(x) = -^—£ J m(x) dx (k) 
KEF 
The fringe deflection, m(x), measured in dimensionless units of fringe 
spacing, can be written 
m ( x ) = ^ (5) 
9 
where D is the fringe spacing, a constant of the instrument measured 
on the undeflected interferegram, and y(x) is the fringe deflection 
measured in the same linear dimension as D. 
Substituting Equation (5) into Equation (h) 
x 
n(x) = wx^ I y(x) dx (6) 
REF 
Knowing \9 AX,- £, and D as constants for a particular instrument 
and test set-up, all that remains in Equation (6) is to evaluate the 
integral. Figures 4 and 5 identify the integral. 
Figure 4 is an interferogram for a straight solid boundary. It is 
seen that the integral in Equation (6) represents the area between the 
deflected and undeflected fringe position. Figure 4 is typical of the 
previous applications of differential interferometry, references 2-12. 
Figure 5 is an interferogram for a curved solid boundary, a 
situation not encountered in references 2-12„ It was experimentally 
determined during this research that the deflection of the fringe, y(x), 
from its undeflected position, should be measured along an arc having the 
same center as the curved solid boundary. Given a straight solid bound- -
ary and a curved solid boundary, with the same An from some reference 
boundary to the wall, the total area under each deflected fringe (straight 
and curved solid boundaries) has to be equal to satisfy Equation (6). 
It is the point-to-point variation of n that necessitates the measure-
ment of y(x) along the curved arc. The measurement of y(x) along the 
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Figure h. Interferogram for a Straight Solid Boundary 
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Figure 5« Inter ferogram for a Curved Solid Boundary 
seen that the defining lines for the value of y(x) at both point x_ and 
point xp are parallel tc the straight boundary. As shown in Figure 55 
the defining lines for the value of y(.x.) at both point x„ and x. were 
made parallel to the cur'-red boundary,, Evaluation of a typical interfero-
gram pred.aced realistic results and the technique was adopted. 
Note that in Equation (6) the integration proceeds from a refer-
ence boundary,, REFS where the index cf refraction (temperature) must be 
known. For the case shown in Figure 5 the reference boundary was chosen 
for convenience to be the center of the cylinder. Other tests may war-
rant use cf another reference such as the wall0 
As it stands9 Equation (6) presents the distribution of the index 
of refraction within the cylinder. It now remains to correlate the de-
sired variable9 temperature, with the calculated parameter, index of 
refraction. 
The index of refraction is shown by Weinberg (.1.6) to be a function 
cf composition.} pressure^ wavelength^ and temperature. 
In the water-filleds cylindric cavity 'under investigation the 
composition of the water dees not vary. Pressure variation in this 
research is negligibly small and3 thus, does not affect n„ The Light 
source is nearly monochromatic (X ~ constant) due to the presence of a 
narrow bandpass filter in the differential interferometer, Thus, the 
index of refraction is seen to be a function of temperature only. 
Tabulations cf the variation, of index cf refraction with temperature at 
a given wavelength have been made by Dorsey (l?) and are presented in 
Table 10 
One final note in the evaluation of Equation (6) concerns magni-
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fication factors„ Photographs of deflected fringe patterns (interfero-
grams)can be enlarged to any practical size to increase the accuracy of 
the integration process in Equation (6) and Figure 5« This enlargement 
does not affect \$ AX, and I in Equation (6). It does3 however, affect 
D and the integral which is represented by an area, A, The magnifica-
tion factor,, MF, is defined by 
m ^ ^ o _ (T) 
actual 
where d is some known linear distance which always appears in the 
photographed interferograms0 In the interferograms produced in this 
research the known distance is taken to be the inside diameter of the 
cylinder 0 
Equation (6) can be written 
actual 
It is easily seen that 
L = ,J^9i2. (Q) 
actual (Mp)2 
and 
D _ -i-figfe (10) 
actual MF 
15 
Subst i tut ing Equations (9) and (10) into (8) 
( \ ~- pboto 
' actus 1 D . 
photo 
MF (11) 
Therefore,, Equation (6) can be wri t ten for the photographed interfero-
grams as 








The systems necessary bo carry cut this research were divided 
into five main areas„ These areas were° 
lo Differential interferometer 
2o Test cylinder 
3o Heating element 
4o Temperature measuring system 
5° Photographic system 
P^-:f^gZ^^li^_^terferjome_tejr 
Tne d i f f e ren t i a l interferometer used in t h i s research was manu-
factured by Feinmechani.K un.d Opt>ik9 We den 9 West Germany •> A brochure 
(19 ) included with th i s instrument presents the operating procedure 
and br ie f theory of the d i f f e ren t i a l interferometer0 Lamb and Schreiber 
(1.2) completely describe the theory and operation of a similar differen-
t i a l interferometer a 
Figure 6 snows the d i f fe ren t ia l interferometer used in t h i s 
researcho This instrument has a f ie ld vision of 3-3/^ in° diameter 
and can accommodate t e s t setups of up to 16 in0 in length . 
There are five major se t t ings of the interferometer required for 
each t e s t run. Three of these se t t ings are concerned with the three 
instrument constants in Eqmtion (12)„ 
J7 
: 
J! • • 
.,/ 
mm 
• ' ' - . — ; 
Figure 6. Different ia l Interferometer 
18 
Firgt3 there are two light sources, A 12 V-^O watt bulb (pro-
jector type) OSRAM Kb« 802^ is 'used for 'viewing tests through the 
instrument eyepiece0 A high pressure mercury lamp5 OSRAM HBO 200 W/23 
120 V§ LIs is used for either photographing or projecting the inter-
ferograms en a screen0 The high intensity mercury lamp is ideal for 
photographing transient phenomena where high, shutter speeds are required« 
The second instrument setting' fixes the value of X3 the wave-
length of the light usedo Three narrow bandpass interference-fringe 
filters are provided for use with this instrument„ Filter parameters 
are listed in Table 2„ 
The third instrument setting fixes the value of AX, the beam 
separation distance0 Lamb and Schreiber (12) show that 
AX = 2g(n - n ) tan 0 (l3) 
e o 
The focal length of the b u i l t - i n concave mirrors of the instrument i s 
gs a constant^, and equals 100 cm. The difference in index of refract ion 
for the ordinary and extraordinary rays through quartz$ Halliday and 
Re snick &8) 5 i s (n - n ) a constant,, and equals 0.009X65. Equation (13) 
can nov be wr i t ten 
AX - 0X'602 tan 0 (lU) 
with the un i t s of AX being fee t , 
Tin.e wedge angle of the Wollaston Prism used in the instrument 
i s 0O There are three Wollaston Prisms with different values of 0 
which are l i s t e d in Table 3 along wi.th the corresponding values of AX 
19 











38 38 35 
Narror Bandpass (A) 120 120 150 
Table 3. Wollaston Prism Data 
Wollaston Prism 
S e t t i n g Number 
0 AX(Feet) 
0 (No Prism P re sen t ) 
i 1° o,ooioU8 
2 - 5 0 0.00315 
3 8° 0 0oo8i+4 
20 
from Equation (lh) „ Prism setting zero (o) "has no prism present and is 
used to locate the undefiected fringe position (reference base line3 
y - 0) when evaluating the integral in Equation (12). 
The fourth instrument setting fixes the value of D5 the fringe 
spacingo Four different fringe spacings are available9 narrow3 mediunu 
wide3 and infinite9 i.e„ no fringes0 The infinite fringe spacing is 
used for qualitative observation of the test section„ D is measured on 
the photographed interferograms„ 
The fifth instrument setting fixes the direction of the undefleet 
ed fringe„ The undefiected fringes may be oriented at any angle between 
0° (horizontal) ana 90° (vertical), 
In comparison to other optical devices in which a quantitative 
evaluation is possible such as the Mach-Zehnder interferometer^ the 
differential interferometer is simpler and less expensive„ It is easier 
to set up<> operate9 and move5, and Is less subject to vibrations. Its 
major disadvantage is bhe accuracy whicl is lost through the integration 
process in Equation (l2). This integration process is unnecessary in 
Mach-Zehnder interferometry and., thus, constitutes an additional time-
consuming and error-inducing step in the data reduction of differential 
interferometer interferograms„ Appendix 3 presents an analysis of the 
errors present in this research<, An error in the temperature at a 
point of + 19o0 per cent is directly attributed to differential inter-
ferometry as used in this research„ 
Test _Ĝ llnde_r 
The test cylinder used in this research was aluminum tubings 
21 
3.005 in. outside diameter3 by 11.75 in. long by O.oSp in, wall thick-
ness. The ends of the cylinder were machined perpendicular to the axis. 
Both the inside and cutside of the cylinder were sanded^ primed5 and 
painted with silver spary enamel to eliminate corrosion. A thermocouple 
probe hole of l/l6 in. diameter was drilled in the wall at the top of 
the cylinder l/k in. from each end« A silicon rubber heater described 
in the next section was attached to the outside of the test cylinder. 
Both the test cylinder and the heater were placed inside a k in. IPS 
by 11.75 in° leng cast iron pipe. Preparation cf the iron pipe was simi-
lar to that of the aluminum cylinder with the exception of drilling an 
additional hole through the top of the iron pipe wall for the heater lead 
wires. Ordinary plate glass 7/32 in. thick by k in0 square was used to 
enclose the ends cf the cylinders. Tests of several pieces of commercial 
plate glass indicated that variation of their optical thicknesses3 cp in 
Equation (2)3 was negligible compared to the variation of optical thick-
ness of the heated^ water-filled cavity „ Rubber gaskets9 l/32 in. thick,, 
provided a good seal between the cylinders and the plate glass. 
This entire assembly was then placed between two l/k in, thick 
by 6 in. wide by 12 in. high plywood mounting frames. Four threaded rods 
1/8 in. diameter1 by Ik in. long and mounted at the corners of 4|r in. 
square centered on a S^S/k in. diameter hole passed through the plywood 
mounting frames and mechanically compressed the glass plates to the 
cylinders. 
A fine jet of water from an ordinary laboratory faucet was then 
sprayed through the thermocouple probe hole into the large iron pipe . 
Hie test cylinder was filled with water by leakage through its thermo-
22 
couple probe ho le . The system was then checked to insure that a i r bubbles 
were not present , 
Heating Element 
A si l icone rubber heater., 3 i n . inside diameter by 11 i n . long 
by 0,055 in» th ick, was attached by s t r i p s of e l e c t r i c a l tape to the 
outside of the t e s t cyl inder, This e l e c t r i c a l res is tance heater was 
purchased from Watlow Elec t r ic Company of California, Maximum heat out-
/ 2 put was 5 wa t t s / in , for the 115 vo l t , 60 Hz, single phase heating 
element- Input to the heater was controlled by a 230 vol t , 60 Hz, 9 a^P 
Superior E lec t r i c Company Powerstate (voltage transformer) . 
Before mounting the t e s t cylinder between the plywood frames, a 
t e s t was made to determine the uniformity of temperature around the t e s t 
cyl inder. Tb.e temperature differences (recorded temperature minus ambient 
temperature) recorded a t five s ta t ions around the t e s t cylinder each 
deviated by less than ten per cent from the mean value of the five recorded 
temperature difference s. 
Sharply defined fringes indicated tha t ax ia l var ia t ion of wall 
temperature was negligible . Thus, a two-dimensional t e s t set-up was 
assured. 
ZgjS£g£&Mj^g M J e a s ' L y ^ m e ^ System 
At one end of the t e s t cylinder a thermocouple was inserted a t 
the heater t e s t cylinder in te r face . At the other end of the t e s t cylin-
der a thermocouple was positioned a t the center of the cylinder l/k in . 
from the end. Calculations showed boundary layer end effects to be neg-
l i g ib l e at t h i s pos i t ion . The thermocouples were twenty-gage iron-con-
23 
stantano All of the temperature-time data collected in the tests were 
obtained manually using a stopwatch and a Leeds and Northup model 8686 
millivolt potentiometero 
Pho tograph i c Sys t em 
The camera used for recording the transient interograms was a 
35 mm Nikon mounted on a tripod and focused through the differential 
interferometer lens« Kodachrome II3 Type A film was used in conjunction 
with the orange filter of the instrument to obtain slides which could 
then be projected to any size on a screen by means of a slide projector. 
Projection of the interferograms onto a screen resulted in a slight 
distortion of the test cylinder shape from a circle into an ellipse. 




A wall temperature greater than the initial uniform temperature 
of the water filled cavity was maintained constant for all time. As 
shown in Figure 7? a temperature difference of 3.0°F was selected, this 
value resulting in laminar flow, turbulent flow resulting from higher 
temperature differences. With an initial setting of 115 volts on the 
Powerstat around ten seconds were required to bring the wall up to the 
required temperature. An additional twenty to thirty seconds are 
required to stabilize this temperature. A typical plot of wall tempera-
ture actually obtained is also shown in Figure 7» As time increased, 
the Powerstat setting was continuously decreased maintaining the required 
wall temperature. 
Several test runs were made without photography to obtain accurate 
transients of the temperature of the center of the water filled cavity, 
T 0 CENTER" T h e s e values form the reference boundary in Equation (l2) 
for each instant of time, 
After making the five differential interferometer adjustments 
discussed in Chapter III, two test runs were photographed according to 
the sequence listed in Table k. Both photographed tests used the high 
pressure mercury lamp, the orange filter, the one degree Wollaston Prism, 
and the medium fringe spacing. The first photographed test run used an 
undeflected fringe angle of 9°° (vertical) while the second run used an 
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CHAPTER V 
RESULTS 
The interferograms for times of 90, 120, 180, 2^0, 300, 360, 720, 
and 1200 sec were evaluated using the procedure shown in Appendix 1. 
The results of this evaluation are presented in the form of isotherms 
in Figures 8-15. The position of the wall and the temperatures at the 
wall in Figures 8-15 are approximations due to three factors. First, 
the test cylinder diameter varied slightly along its length. Second, 
the rubber gaskets were not exactly round and perfect alignment with the 
cylinder ends was unobtainable due to the simple mounting technique 
employed. Third, and most important of all is the fact that there is 
an image duplication of the test section common to all differential inter-
ferometers which results in two images of the test cylinder separated 
by the small beam separation distance AX- Through each point in the 
test section there passes an ordinary and an extraordinary ray. Since 
each of these rays is diffracted at the last Wollaston Prism, two images 
appear. These three factors combine to make the location of the wall 
and the position of the deflected fringes at the wall at best an approxi-
mation . 
Due to the position of the horizontal fringes no data are avail-
able close to either the top or the bottom of the cylinder; however, 
dashed lines indicate an expected extension of the data obtained. 
From all of the Figures 8-15 it is seen that there exists a 
region close to the wall approzirnating pure conduction. The free convec-
28 
tion phenomenon results from a temperature gradient established along 
the vertical centerline where the colder (denser) region exists at the 
bottom of the cylinder and the hotter (less dense) region exists at the 
top of the cylinder. 
After approximately thirty minutes the temperature of the water-
filled cavity had everywhere asympotically reached that of the wall. 
The isotherms for each time were evaluated to obtain the transient 
bulk temperatures shown in Figure l6• The bulk temperature was defined 
as the mean temperature obtained from the isotherms by a simple area 
weighted average of all the isotherms at a given time. The dashed 
line indicates the expected results in the region between time zero 
and ninety seconds. The data in this region showed considerable scatter 
and were therefore discarded. 
To obtain a measure of the accuracy of the data an error analysis 
was performed and is given in Appendix 3• An error in the temperature 
+ 
at a point of - 19.0 per cent is directly attributed to differential 
interferometry as used in this research. An error in the temperature 
at a point of - 7-0 per cent is attributed to the temperature measuring 
system. The combined error in the temperature at a point is the sum of 
the above two errors or - 26.0 per cent. 
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Figure 8. Isotherms — T = 9° sec. 
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Figure 9« Isotherms — T = 120 sec. 
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F igure 10<> Isotherms — T = 180 s e c . 
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Figure 11. Isotherms — T = 2^0 sec. 
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Figure 12. Isotherms — T = 300 sec, 
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Figure 13. Isotherms - T = 360 sec. 
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Figure Ik. Isotherms - T = 720 sec. 
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The results of this research indicate that the differential 
interferometer can be successfully applied to problems characterized 
by confining solid boundaries with the possible exception of the region 
immediately adjacent to the solid boundary. 
The new technique for evaluation of the interferograms inside 
curved*, confining*, solid boundaries which was derived in this research 
proved to be valid, 
The heat transfer phenomenon exhibited by the horizontal, water-
filled cylinder heated at a constant wall temperature different from 
that of the initial uniform water temperature is characterized by a 
region close to the wall where the heat transfer process is essentially 
pure cc nduc tion. 
The transient phenomenon approaches the state where all the water 
has reached the temperature of the wall and free convection cases. The 
free convection ends asymptotically after approximately thirty minutes. 
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APPENDIX I 
REDUCTION OF INTERFEROGRAMS 
The f i r s t s t ep i n the r e d u c t i o n of an in t e r f e rog ram for a time T 
was t o p r o j e c t the a p p r o p r i a t e 35 mm s l i d e s ( v e r t i c a l and h o r i z o n t a l 
i n t e r f e rog rams) onto 14 i n . x 17 i n . p i eces of paper and t r a c e the de-
f l e c t e d f r inge p a t t e r n s . These t r a c i n g s "became the enlarged i n t e r f e r o -
grams which were reduced i n accordance wi th Equat ion (12.). 
A l l t e s t s were run wi th the orange f i l t e r , X = 5&20 A, pr ism 
s e t t i n g number one3 AX = 0,001048 f t . 3 and a t e s t cy l i nde r l eng th (£) of 
0.979 f t . Eva lua t ion of Eqtiation (l.2) proceded wi th the measuring of D 
on each in t e r f e rog ram and the determining of MF from Equat ion (7) us ing 
the i n s i d e diameter of the t e s t cy l inde r a s a known dimension. The 
v e r t i c a l in te r fe rograms had a D of 0.075^ f t . and a MF of 4 . 5 2 . The 
h o r i z o n t a l in te r fe rograms had a D of 0.732 f t . and a MF of 4 . 3 8 . I n s e r t -
ing these cons t an t s In Equat ion (12) y i e lded 
x 
n (x\/ERT. = O.OOOO38I J y(x) dx (15) 
REF 
for the v e r t i c a l i n t e r f e rograms 9 and 
X 
n - x W l z . " °'ooooij05 J y(x) dx (16) 
REF 
for the hor izonta l interferograms with the in tegra l being in square 
inches in both cases• 
Both the v e r t i c a l and hor izonta l interferograms began (T = 0) 
with a T^ 0 ^ I N I T I A - L of 7Y°F (25°C). From Table 1 with a X = 5820 A 
and a T of 25°C 
— = - 0.0001051 (17) 
AT 
with AT in °C«> Subst i tut ion of Equation (17) in to Equations (15) and 
(l6) y ie lds 
x 
T ( x ) VERT. = ° ' 6 5 2 J y ( x ) dx ( l 8 ) 
REF 
and 
T ( x )H0RXZ. * 0 a 6 9 3 J y W d x ( l 9 ) 
REF 
with T in °F and the in tegra l in square inches. 
The position of the undeflected fringes in both cases was deter-
mined "by the known shape and constant location of the T _ 
thermocouple. The interferogram for a time T was positioned on the 
reference interferogram for time T = 0 so that the thermocouple shapes 
matched. 
The central fringe of the vertical interferogram for a time T 
was evaluated first using the previously determined TTT n vs. T, 
Figure 17, values at the reference boundary (thermocouple tip). This 
central vertical fringe then formed the reference boundaries for the 
horizontal fringes at T which were evaluated next. 
Figure l8 is a typical vertical interferogram. The integral 
in Equation (l8) was performed for each T in twelve increments by a 
planimetero Vertical interferograms were evaluated for each photograph 
listed in Table k. Results of a typical vertical interferogram evalua-
tion are presented in Figure 19» From these evaluations plots of tran-
sient temperatures were derived for each undeflected horizontal fringe ; 
position shown in Figure 19, thus serving as reference boundaries in 
the evaluation of Equation (19) for the horizontal interferograms. A 
typical transient temperature plot for an undeflected horizontal fringe 
position is shown in Figure 20. 
Figure 21 is a typical horizontal interferogram. The integral 
in Equation (19) was performed at a given T for each horizontal fringe 
in 2k increments by a planimeter. Horizontal interferograms were 
evaluated at times of 90 3 120 s l8o5 2409 300, 360, 720, and 1200 sec. 
te 
For the complete calculations made in reducing the interfero-
grams, contact 
Dr„ W. 0. Carlson 
Mechanical Engineering Department 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
2000 
r(sec) 
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Fig-ure 18 . Typical Vertical (9O0 ) Interferogram 
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Figure 21 „ Typical Horizontal (o° ) Interfere gram 
APPENDIX 2 
CALIBRATION OF THERMOCOUPLES 
The two thermocouples , cy l inde r w a l l and c e n t e r 3 were calibrated 
by raepjis of a constant temperature bath and a previously calibrated 
copper-constantan thermocouple0 Each thermocouple was immersed in the 
bath with the calibrated thermocouple and readings were taken at 7 .̂̂ -°F 
and 73oO°2\e 
Both thermocouples exhibited a constant error in the range tested 
and a constant correction factor was applied to each thermocouple, 
These correction factors are as follows; 
Table 5* Calibration of Thernocouples 
Thermo couple ° F 
Wall + .3 




An understanding of the errors present in this investigation 
must be realized before the accuracy of the results can be accepted. 
The sources of these errors were the standards used for calibration,, 
the reading of the potentiometer, the recording, tracing, and reading 
of the interferograms, and the constants of the differential interfero-
meter 0 
The thermocouples were calibrated in a constant temperature bath 
using a thermocouple which had previously been calibrated using thermo-
meters calibrated by the National Bureau of Standards to + 0ol8°Fo 
Assuming that the calibration of the reference thermocouple was as 
accurate as that of the National Bureau of Standards an error of + 0.l8°F 
of + 6„0 per center of the temperature difference between the wall and 
the cylinder center, 6 = 3°0°F, was assumed- An error in reading the 
potentiometer was assumed with an estimated deviation of + 0.0025 mv• 
or + 1.0 per cento 
The photographic system induced at + k»0 per cent reduction In 
diameter along the vertical centerline of the cylinder. Tracing and 
reading of the interferograms were assumed accurate to l/8 in. on a 
12 In, enlargement of the interferogram for an accuracy of +1.0 per 
cent* With the + k .0 per cent reduction in diameter along the vertical 
center line and the + 1.0 per cent error tracing and reading the interfero 
gramsj D3 MF5 and y(x) in. Equation (l.2) are accurate to + 5 «0 per cent. 
50 
The instrument constants in Equation (12) and \ and AX* X 
o 
according to Table 2 is accurate to + 75 A or + 1.3 per cent for the 
orange filter,, AX was assumed accurate to + 0„5 per cent as was t>, the 
test cylinder length. 
For the worst case conditions, Equation (12) predicts a + 19.0 
per center variation in temperature„ 
This differential interferometry error of + 19-0 per cent when 
combined with the + 7°0 per cent error induced by the temperature 
measuring system produces an overall error in the measurement of the 
temperature, 0, at a point of ± 26 a0 per ceint. 
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